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Abstract o, < o0,. At PETRA the electron beam has dimensions

Laser wires will play an important role as the standar@ %y = 20 — 30 pm ando, = 200 — 300 pm lead-
monitor for beam size measurements with micrometre red29 0o = 5 — 10 um and a Rayleigh range of at least
olution for the beam delivery system at any future lineaf ** .Z 300 i in o_rder o _accommodate completely the
collider. Some R&D work is still necessary to elevate pre- orizontal beam SIz€. High laser peal_< power bgtween
liminary laser wire designs to a compact, non-invasive angd™*. — 1 N 10 MW is necessary to optaln a good 'S|gnal-
fast-scanning device. In this paper the latest R&D togeth E.-nmse ratio [1]. Thus the Iaser_ qpﬂcs has to withstand
with recent measurements and simulations are present S am_ount of power a_nd, for flexibility, shou_ld be able to
Schemes to measure the beam size in a bunch train awgrk with at least the first two laser harmonics. The back

from train-to-train are presented together with an evalu- VIEWPORT  geaM CHAMBER

ation of scanning techniques meeting these requirements. AGNOSTICS L/‘“
Results from simulations and measurements with a laser MIRROR - M
focus system and of a proposed Compton calorimeter are

reported. Furthermore plans are outlined for the installation
of a fast laser wire experiment at the PETRA accelerator at Lens
DESY. SYSTEM

—

1 INTRODUCTION

The principle of laser wire operation is illustrated in
Fig. 1, where light from a laser is focused down to a small
spot and scanned across the incoming electron beam. The SAING
resulting Compton-scattered photons are detected down-
stream and the measurement of the total energy of these Figure 2: Layout of scanning and focusing system.
photons as a function of laser spot position yields the elec-
tron bunch transverse dimensions. In the following, the varfocal length should beBFL ~ 150 mm to incorporate
ious components are discussed in more detail and progressanning and diagnostic mirrors (see Fig. 2). In order to
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PLANE

towards building a working system is reported. conform with the above requirements, an air-spaced achro-
. matic laser objective with three lenses was chosen.
The laser beamline around the focusing triplet was simu-
w | N _PHOTON lated using the ZEMAX code [2]. To first order (neglecting
DEFLECTOR compron abberations) the minimum spot radius is determined by the
/ rocus PHOTON ;‘ f-number f# of the lens, the mode quality/ ? and the
ﬂ = _ laser wavelength according tav, ~ M2Af#. The sim-
wrron® g T TRAJECTORY ulation code also allows for higher orders from spherical
@e SCATTERED abberations and coma.
) ELECTRONS ELECTRON
Y1 oz ////EL/éETRON pETECTOR
k BN 2.1 Measurements
Spot size measurements with the proposed lens triplet
Figure 1: A generic laser wire profile monitor. were performed in order to study the focusing, beam prop-

agation around the best focus, and tolerances. Knife edge
scanning with a piezo driven razor blade was chosen as the
2 FOCUSING OPTICS measurement technique because of its simplicity and high
) ) precision. This technique involves passing a blade between
For a gaussian laser beam the RMS spot size at the ifke |aser beam and a photo detector and measuring the light
teraction should be smaller than the electron beam sizgtensity as a function of blade position, thereby providing
* t.kamps@rhul.ac.uk the integrated laser beam profile.
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In Fig. 3 the measurement setup is sketched. The lastire systematic error are from diffraction effects at the razor
light coming from a green HeNe laser is guided with ablade, which will be tackled in future measurements using
mirror into a Keplerian telescope for collimation. At the a collecting lens.

OPTICAL TABLE

FOCUS/INTERFEROMETER

LASER 3 SCANNING
= FOCUS/INTERFEROMETER| MICRO * Bioee
T 1 3.1 Requirements
|« PHOTO [ ||
CTD g "R Tk The total scan rangé should be in the order of =
- 7 * ]/-‘ = 10 x o, the beam size under measurement (for TESLA
BLADE | | XY-STAGE the vertical beam size is, = 1 — 25 um, for PETRA
. It SPLITTER ] o, = 20 — 30 pm). The minimum step width between
A T P Focugpe two scanning pointa\d and therefore the scan resolution

is anticipated to be\d = o, /5 to o, /2. Furthermore the
scanner should preserve the mode quality of the laser beam,
Figure 3: Laboratory setup to measure small laser speiithstand the high laser peak power and be able to operate
sizes using the knife edge technique. over long periods of time. Most importantly, the scanner

) ) ) ) ~must match the timing of the macro pulses delivered by
beam splitter half the beam power is guided into a Michelyne accelerator. TESLA produces bunch train®sd 1s
son interferometer while the other half passes another miféngth with 2820 bunches each spacedBy ns and with
ror before going through_ the focusing lens. FoIIO\_Ning thisy repetition rate 0§ Hz [5]. PETRA as a storage ring can
lens the focused_be_am_ is collected by a photo diode. Thg, operated with any harmonic bunch spacing of the repe-
blade together with its interferometer mirror are moved b¥ition rate of130 kHz. For TESLA it is planned to scan the
a piezo driven actuator. The step width of the piezo acyeam profile with at least ten scan points within one bunch
tuator is monitored constantly in the interferometer aMyrain, which sets the minimum operation frequency of the
For one complete scan of the beam profile and propagatiatanner ta kHz and for the laser ta0 kHz. This serves

several slices of the laser beam were measured in forwagd 5 guideline for the choice of scanner and for the tests at
and reverse direction (see Fig. 4a for an example of onegTRA.

slice). This was repeated with a viewport window in the
beam path between the focusing lens and the knife edge. . .
The measured propagation of the beam envelope is show? Candidate Technologies

a) SLICE SCAN b) LASER BEAM PROPAGATION There are two promising candidates: Acousto-optic
18 e 30 o WITH VIEWPORT (AO) scanners and piezo driven mirrors. AO scanners us-
= 1.6 m / —e— W/O VIEWPORT . . . .
5 14 N/ 25 ing Bragg reflection in a block of fused silica are able to
E 12 \ £ 20 operate at very high speed with random access times in the
] \ - . . .
i 0; \ N 15 order of At = 0.5 us enabling the scanning of every third
. n . . .
% 06 \\ 5 10 bunch within TESLA parameters. The devices are also
6 2‘2‘ \ o . very compact and widely used in industry as Q-switches for
a e s L high power lasers. The drawback of AO scanners is their
20 60 100 140 180 %5 4 5 & 7 8 low damage threshold and their need for anamorphic beam
TRANSVERSE POSITION [uml LONGITUDINAL POSITION Imml

compression and expansion to match the laser beam profile
Figure 4: Left: One slice (measured forward and reversdjt® the scanner aperture. In addition, the mode quality is
of the laser beam around the best focus. Right: RMS sp amatically decreased with a diffraction efficiency in the

propagation around the best focus. order of 40% for full deflection.
The second interesting technology is based on piezo

in Fig. 4b. The minimum RMS spot size was obtained bydriven platforms, where a laser mirror is moved by a small
a least square fit using the beam propagation model fstack of piezo electric material sandwiched in a tilting plat-
gaussian beams [4]. The measured minimum RMS spferm. These platforms are able to operate in discrete and
size S0, = (5.34 £ 0.02544¢ & 0.075y5) pm with and ~ continuous mode with frequencies upiteHz within spec-
Tow/o = (521 £0.03 £ 0.07) um without viewport win- ifications. Since these platforms deflect the laser beam with
dow. The input beam radius is;,, = (1.23 £ 0.02) mm. a mirror, the damage threshold is rather high and the beam
All measurements agree with numerical simulations andlistortion should be minimal.

as expected from these simulations, the spot size is essenbue to its high damage threshold and the versatility in
tially unaffected by the presence of the viewports. Theperation mode, the first tests will be performed with a
main effect of the viewport is to shift the waist lyz =  piezottilting platform. Preparations are currently under way
(0.83 £ 0.01 £ 0.08) mm, which is a third of the view- to perform spot size measurements during high frequency
port thickness of = 2.50 mm. The main contributions to scanning and to quantify any resulting beam distortion.
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4 DET ECTOR _ 110 a) DEPOSIT OF 350 MeV PHOTONS 016 b) DETECTOR 18 x 18 x 150 mm
g 100 S o >
H a O 0.14 o 12Gev
At every laser and electron bunch crossing, a burst ofia * E o 7cev
. 80 v 2 DE
Compton scattered photons is released. The total scatteregl ,,| f+ * ° — g ot aseey
energy at each burst can then be used to determine the rek « o zomn g 01
ative position of the laser and electron beams. A series of o [ P
simulations and measurements are currently under way t@: I Q & - :
determine the most suitable detector for measurements at 2o e X ) o

o

PETRA and TESLA. The most stringent requirements at *° % ooy 2 004365400 600 800 1000
PETRA are imposed by the bunch separation (192 to 480 NOMBER OF PHOTONS

ns) and by space constraints at the beamline. Figure 5: a) Relative energy containment for 350 MeV pho-
To avoid pile-up of events, the detector must have a dgpns inside a PbWO crystal for three crystal lengths. b)

cay time that is short relative to the bunch spacing, so gnergy resolution for three beam energies.

fast material is required. The material must also have a

relatively high scintillation light output, be radiation hard
and should have a small radiation length in order to containsing a PbWO4 crystal matrix at the DESY Il test-
fully the electromagnetic shower. The Compton photonbeam, where detailed calibration and efficiency studies are
are emitted within a small angle relative to the electron diplanned.
rection and so the active volume of the detector must be
compact (i.e. possess a small Mwk radius) so that it can 5 SUMMARY
fit close to the beampipe. ) o

These requirements for the PETRA laser wire calorime- A Pbroad range of studies are underway, aiming towards
ter have led to the choice of lead tungstate (PbWO4) as al1€ installation of a prototype laser wire system at the PE-
tive material, a crystal whose characteristics [6] are listed RA Storage ring. Detailed design studies, measurements

in Tab. 1. and simulations have been performed for the final focus op-
tics and the implementation of a fast scanning system based
Radiation length [mm] 8.90 on piezo driven mirrors is currently under study. The vac-
Moliere Radius [mm] 22 uum chamber for the laser wire is now being constructed
Density [g/lcn?]  8.28 at DESY. Detailed simulations of the Compton calorime-
Avg. #Photoelectrons/MeV 16 ter have been performed and test-beam measurements are
Decay time [ns] 5-15 imminent. Tests of the full scanning laser wire system are
expected to take place in 2003.
Table 1: Relevant PbWO4 characteristics. We acknowledge discussions and help from I. N. Ross,

M. Ross and J. Frisch. GAB and TK acknowledge support
from the Royal Society and the British Council.
A primary requirement of the PbWO4 calorimeter is
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